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Abstract
Statistics of a passive scalar transported by strong homogeneous turbulence under the uniform
mean scalar gradient is investigated by performing high-resolution direct numerical simulation (DNS).
We discuss the different nature of intermittency in the passive scalar field originated from the injectaon
mechanisms, i.e. the random source or the mean scalar gradient. It is found that the passive scalar
field imposed by the mean scalar gradient is more interm ittent than the case for random source.
Moreover we show that the scaling exponents evaluated by the scalar structure functions are almost
same for both the parallel and perpendicular components to the mean scalar gradient, where they
saturate as $\zeta_{\infty}^{||}\simeq 1.3$ and $\zeta_{\infty}^{[perp]}\simeq 1.3$ at high-order. These features are confirmed by examining the
scaling form of the scalar increment probability density functions (PDFs) leading to the saturation of
scaling exponents. Furthemore it is clarified that the functional forms of the scalar increment PDFs
for rare invents are approximated by the single point PDF for the scalar field. This nature is also
discussed in connection with the ramp-cliff structure and the saturation of scaling exponents. We
present the important characteristics of the scaling law for structure functions being free from the
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2 Direct numericaI simulations
$u:(\mathrm{x}, t)$ , $\theta(\mathrm{x}, t)$ ,
$(\partial_{\ell}+uj\partial j)u:=-\partial_{\dot{l}}P+\nu\partial_{j}^{2}u_{\mathrm{i}}+f_{\dot{*}}$ , $\partial_{\dot{l}}u_{\dot{*}}=0$ , (2.1)
$(\partial_{t}+u_{j}\partial_{j})\theta=\kappa\partial_{j}^{2}\theta+f_{\theta}$ , (2.2)
, $\kappa$ , $f_{\theta}$ ,
(case R)[2] (case G)
$f_{\theta}=-u_{j}\partial_{j}\Phi$ , $\nabla\Phi=(0,0, G)$ (23)
2 [7, 9, 10, 11]. , $x_{3}=z$ .
$S_{c}=1$ . $2\pi$ 3 ,
. DNS Kmaae\eta - ,
$K_{\max}\overline{\eta}=1$ . $[12, 13]$ ,
[13]. $R_{\lambda}(K_{ma\alpha})$ Run 1, Run 2, Run 3 . Run 2
$G=1,10$ 2 (Run $2\mathrm{a},$ $2\mathrm{b}$ ). ,
Reynolds DNS [2] case $\mathrm{R}$ (Run $\mathrm{A},$ $\mathrm{B}$ ). 4
. Table I .
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Figure 2: Comparison of the normalized PDFs for scalar increments between $\delta||\theta$, and $\delta\downarrow\theta_{r}$ (left), case
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Figure 3: Behavior of skewness (left) and flatness (right) factors for scalar increments of case $\mathrm{G},$ $\delta||\theta_{r}$ and
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Figure 4: Behavior of scalar structure functions for case $\mathrm{G}$ ( $\delta||\theta_{r}$ : left, $\delta\downarrow\theta_{r}$ : center) and case $\mathrm{R}$ (right)
obtained from Runs 3 and B. The order is $q=1,2,3,4,6,8,10,12$ and 14 from the lowermost curve.
PDF . ,
$\delta||\theta_{r}$
$\delta_{[perp]}\theta$ , , skewness $S_{\alpha}(r)$ flatness $F_{\alpha}(r)(\alpha=||o\mathrm{r}[perp])$
$S_{\alpha}(r)= \frac{\langle(\delta_{\alpha}\theta_{r})^{3}\}}{\langle(\delta_{a}\theta_{r})^{2}\rangle^{3/2}}$ , $F_{\alpha}(r)= \frac{\langle(\delta_{\alpha}\theta_{r})^{4}\rangle}{\{(\delta_{a}\theta_{r})^{2}\rangle^{2}}$ , (3.2)
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3.3 Structure functions and scaling exponents
. Fig.4
$S_{q}^{||}(r)=(|\delta_{||}\theta_{f}|^{q}\rangle, S_{q}^{[perp]}(r)=\langle|\delta_{[perp]}\theta_{r}|^{q}\rangle$ (3.3)
case $\mathrm{G}$ , case $\mathrm{R}$ $q=1$ 14 .
, . case $\mathrm{G}$ $\nu$ ‘







Figure 5: Variation of local scaling exponents evaluated by the scalar structure functions in Fig.4 (Runs
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Figure 6: Comparison of the q-th order scaling exponents $\zeta_{q}^{\alpha}$ for the scalar structure functions (left)
obtained from Runs 3 and $\mathrm{B}$ , and their relative scalings defined by $\zeta_{q}/\zeta_{2}$ (right).
, .
,
$\zeta_{q}^{||}(r)=\frac{d\log S_{q}^{||}(r)}{d\log r}$ , $\zeta_{q}^{[perp]}(r)=\frac{d\log S_{q}^{[perp]}(r)}{d\log r}$ (3.4)
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, (ICR ) (viscous-convective precursor
range, VCPR [2] $)$ 2 .
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Figure 8: Behavior of compensated cumulative PDFs for the scalar increments, $|\delta||\theta_{r}|$ (left) and $|\delta[perp]\theta_{r}|$
(right).
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$P_{\alpha}(| \delta\theta|>\lambda\theta_{rms},r)=\int_{\lambda\theta_{rm\epsilon}}^{\infty}P_{\alpha}(|\delta\theta|,r)d|\delta\theta|$ (3.6)
. $\lambda$ , Fig 7 I]
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$\lambda>4$ . (3.5) , (3.6) $P_{\alpha}(|\delta\theta|>\lambda\theta_{rm\iota}, r)\sim r^{\zeta_{\infty}^{\alpha}}$
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Figure 9: Behavior of PDFs for $|\theta|$ obtained from Run 3 (left), and for $|\delta\theta_{r}|$ obtained from Run 3 and $\mathrm{B}$
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Figure 10: Behavior of local scaling exponents for the normalized scalar structure function $S_{q}^{\theta}(r)/S_{2}^{\theta}(r)^{q/2}$
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